Abstract -Aims: To study the risk factors for hospitalizations and deaths due to alcohol-specific diagnoses. Methods: Representative samples of men (n = 4431) aged 15-69 at the baseline interviews in September 1969September , 1976September and 1984 were pooled. Follow-up was 16.3 years or to the first end-point. The main outcome measure was hospitalization (main cause) or death (underlying or contributory cause) due to an alcohol-specific diagnosis. Results: There were altogether 216 men with either hospitalization or death with an alcohol-specific diagnosis. This outcome was positively associated with smoking, overall alcohol intake, being an ex-drinker and being divorced or widowed. Similar associations and relative risk estimates were found when cases of alcohol dependence were excluded and when focusing on alcohol psychosis or on alcohol-specific diseases of the stomach, liver and pancreas. Conclusion: Cigarette smoking, overall alcohol intake, being an ex-drinker and marital status associate with alcohol-specific hospitalizations and deaths and can predict these outcomes.
INTRODUCTION
Alcohol-specific diagnoses include alcohol dependence, alcohol psychosis, alcohol poisoning, alcoholic liver disease and alcoholic pancreatitis, to name the most common ones. Heavy alcohol intake is the main symptom in alcohol dependence and is often considered to be the main or only cause in the other alcohol-specific diagnoses. At present, the population-attributable fraction of death and disease related to alcohol for alcohol-specific diagnoses is 100% (Patussi et al., 2005; Rehm et al., 2004 Rehm et al., , 2007 . We assumed that in addition to alcohol intake other risk factors may play a role. The other risk factors may or may not be similar to those found for the non-alcoholic cases of the same diagnoses. For example, both alcohol intake and tobacco smoking have been found to increase the risk of any liver cirrhosis (irrespective of aetiology) among women (Liu et al., 2009) . Among men, smoking has been found to increase the risk of death from cirrhosis, but alcohol intake was not controlled for (Doll et al., 1994a) . In the present study, we focus on the most serious outcomes of alcohol intake-hospitalizations and deaths-with any alcohol-specific diagnosis. We study as predictors overall alcohol intake, percentage of binge (intoxicating) intake, tobacco smoking, marital status and socioeconomic status in a large nationwide cohort of men. Our first analysis includes all alcohol-specific diagnoses. The second one excludes alcohol dependence for two reasons. First, heavy alcohol intake can be thought to be-in this case-more a defining characteristic than a risk factor. Secondly, although risk factors for alcohol dependence have been much studied (Andréasson et al., 1993; Dawson and Archer, 1993; Hawkins et al., 1992; Hicks et al., 2010; Jacob et al., 2001; Poikolainen, 2000 Poikolainen, , 2005 , little is known about the risk factors for other alcohol-specific diagnoses. We also examine risk factors for two groups with smaller number of outcomes, alcohol psychosis and alcohol-specific diseases of the stomach, liver and pancreas. Information on these would help us to predict the future risk of alcohol-specific diagnoses. 
MATERIALS AND METHODS

Literature search
Participants
The baseline data of this study come from The Finnish Drinking Habit Surveys conducted in September 1969 September , 1976 and 1984 using face-to-face interviews. The samples were representative of the general Finnish population aged 15-69 years. The number of respondents (response rates in parentheses) was 1740 in 1969 (95%), 2835 in 1976 (96%) and 3624 in 1984 (94%)-a total of 8199. Detailed descriptions of the study amples are available elsewhere (Mäkelä et al., 2005; Simpura, 1987) .
In the present analysis, our focus was men. Women (n = 3700) were excluded because they contributed only a small number of end-points during the follow-up period. Individuals who had missing information on alcohol consumption were dropped (n = 54), as were those for whom follow-up data were not available (n = 14). The final cohort consisted of 4431 men.
A personal identification number was used to link this information with data from the pooled Drinking Habit Survey.
Alcohol-specific diagnoses were those with mention of alcohol or alcoholic in the diagnosis name and classified International Classification of Diseases, , from 1968 to 1986, ICD-9 from 1987 to 1995 and ICD-10 from 1996 to 2000. Follow-up for deaths can be considered nearly 100% complete.
The respondents in all three cohorts were followed up for 16.3 years beginning at each baseline survey, until death or until the first hospital admission for the end-point in question, whichever came first. The period was 16.3 years because at the time of data linkage, it was possible to follow the last cohort from September 1984 to the end of the year 2000.The mean follow-up time was 15.6 years (SD = 2.00). There were altogether 216 men with the main outcome: an alcohol-specific diagnosis either as the main cause of hospitalization or as the underlying or a contributory cause of death. The distribution and coding of diagnoses are shown in Table 1 .
Measurement
The overall intake (i.e. volume of consumption) per week was calculated on the basis of the amounts consumed on all drinking occasions that fell within a specified period of time preceding the interview, varying between 1 week and 12 months ('survey period'), depending on the average drinking frequency of the respondent. The aim in specifying the length of the period was to obtain information on four previous drinking occasions: e.g. a drinking frequency of 'four to five times per week' led to a survey period of 1 week, and a frequency of 'about once in 2 months' led to a survey period of 8 months. Details have been published earlier (Mäkelä, 1971; Simpura, 1987) .
Binge intake was defined as the amount of alcohol consumed during occasions in which the estimated blood alcohol level exceeded 0.1%. This is approximately the average level where the early euphoric effects will be followed by excitation, expressed as emotional instability, loss of critical judgment, impairment of perception, increased reaction time, impaired balance and drowsiness (Carey and Hustad, 2005) . Blood alcohol concentration at the end of each reported drinking session was estimated on the basis of the amount of alcohol consumed, duration of drinking and the weight of the respondent, using the following formula from Simpura (1987) :
½ðamount of 100% alcohol in gramsÞ À 7 Â ðduration of drinking in hoursÞ= ð0:68 Â respondent 0 s body weight in kgÞ:
Statistical analysis
The Cox proportional hazard model was used in analysing survival time data (Cox and Oakes, 1984) . Results are expressed in terms of hazard ratios (HRs). We used the log (-log(survival)) versus log(time) plot to visually inspect the proportionality of hazards. This method is widely used and it works well in situations where the predictor variables are categorical and have only few levels, as was the case in our study. The proportionality of hazards assumption can be considered to be satisfied if the hazard functions are parallel ( proportional) over time (i.e. constant relative hazards).
Based on this rationale, we concluded that the proportionality of hazards was satisfied in our analysis. The assumption of proportional hazards was examined visually for different alcohol volume categories. No violations in the proportional hazard assumption were observed. Multivariate Cox models included the following potential risk factors or risk indicators: overall alcohol intake, proportion of binge intake, marital status (married or cohabiting; single; divorced or widowed), socioeconomic status (low or high) and smoking status (does not smoke daily, daily cigarette consumption <11, 11-20 and >20). Moreover, period and age (25-34, 35-44, 45-54 and 55-69 years) were adjusted for when estimating HRs. Baseline characters of the main variables are shown in Table 2 .
We compared never-drinkers, ex-drinkers and three alcohol intake groups: <30, 30-80 and >80 g week . In preliminary analysis (data not shown), binge intake was not significantly associated with alcohol-specific outcomes and was therefore dropped from later analysis. No significant interactions were found between the independent variables remaining in the models.
RESULTS
At the baseline, 88% of the men consumed alcoholic beverages. Other characteristics are shown in Table 2 . Men who consumed alcohol <30 g week -1 were the referent group. Alcohol is not mentioned in this diagnostic category. Only male deaths. Statistics Finland has ascertained that almost all male deaths in category 577 were due to alcohol-related pancreatic, whereas female deaths were mainly not alcohol-related. b E851 is the code for accidental alcohol poisoning in the Finnish modification, the representative code in ICD-9 is E860.
After adjusting for all other independent variables, higher alcohol intake was associated with higher HR for the alcohol-specific outcomes (hospitalization or death). Ex-drinkers had higher HRs than the reference group. Smokers had higher HRs than non-smokers in a doseresponse fashion. Men who were divorced or widowed had higher HR than married men. Low social status was not any more significantly associated with alcohol-specific outcomes when the other factors were controlled for (Table 3) . Excluding alcohol dependence cases left 137 men with some other alcohol-specific outcome. The significant risk factors and their HR estimates were close to what was observed earlier for all outcomes (Table 4) . Likewise, broadly similar significant risk factors were found when focusing on alcohol psychosis (Table 5) or on alcohol-specific diseases of the stomach, liver and pancreas (Table 6 ) as the outcome, although the numbers of outcomes were smaller and confidence limits wider. Correlation between alcohol intake and smoking was modest. Excluding abstainers and non-smokers, the Pearson correlation coefficient was 0.18 and Spearman coefficient, respectively, 0.17. Excluding ex-drinkers, and studying categorical data, the contingency coefficient was 0.26. No significant interactions were found between alcohol intake and smoking.
DISCUSSION
There are many studies on alcohol as a risk factor for non-etiologic diagnoses, but little is known about alcohol and other risk factors for hospitalizations or death due to alcohol-specific diagnoses. Cross-sectionally, hospitalizations due to alcoholism, alcohol psychosis and alcohol poisoning have been found to be related to marital status and social class in Finland, but other factors were not studied (Poikolainen, 1982 (Poikolainen, , 1983a . We found that overall alcohol intake predicted later incidence of alcohol-specific hospitalizations and deaths. This agrees broadly with earlier research. A cohort study on male British doctors found that alcohol-augmented causes of death associated with overall alcohol intake. This outcome included not only the major alcohol-specific causes but also cancers of the oral cavity, pharynx, larynx, oesophagus and liver. Moreover, all kinds of liver cirrhosis were included, irrespective of aetiology (Doll et al., 1994b) . Thus, these results are not directly comparable with those of ours. A large Kaiser-Permanente employee cohort study found that the risk of hospitalization and death for alcoholic liver cirrhosis was increased by alcohol intake. Moreover, this risk was significantly increased by smoking among women but not among men, and there was no clear dose-response relation (Klatsky and Armstrong, 1992) . We found that being an ex-drinker, the level of cigarette smoking and marital status significantly predicted alcohol-specific hospitalizations and deaths among men. To the best of our knowledge, the latter findings are new. Similar associations and HR estimates were found both for all alcohol-specific diagnoses and for alcohol-specific outcomes other than alcohol dependence or abuse. Because dependence may lead to alcohol-induced somatic disease, it is plausible that both share at least some of the same risk factors. Therefore, the risk factors for alcohol dependence that have been established in the literature, and that were not included in the current study, may also exert an influence on other alcohol-specific outcomes. Such previously-found risk factors for hospitalizations due to alcoholism include familial history of alcoholism, conduct problems, poor emotional control, as well as parents' social class, wealth and divorce in a cohort of military conscripts (Andréasson et al., 1993) .
The association between smoking and alcohol-specific outcomes may be of great practical significance, if corroborated. No interaction between smoking and alcohol intake was found, which means that smoking increased the risk for alcohol-specific outcomes independently of alcohol intake. Furthermore, the association suggests a dose-response relation, which speaks for a causal effect. The causal paths from smoking to alcohol-specific outcomes may be manifold. Smoking may be related to greater biological and social vulnerability to the ill effects of alcohol due to poor diet or other unhealthy living habits, as chronic cigarette smoking has been found to impair performance on cognitive measures of executive function among hazardous drinkers (Durazzo et al., 2007) , or due to comorbidities. It is also possible that there is residual confounding captured by smoking, i.e. that the available alcohol consumption measure only partially adjusts for the true effect of alcohol use. Regardless of the exact mechanism, the findings stress the importance of anti-smoking efforts among heavy drinkers.
The married had the lowest risk of alcohol-specific outcomes. Also here the role of marital status in the causal pathway could be diverse. Being married may be a proxy for healthy living habits, with the divorced and widowed men in the cohort having potentially been less able to provide for their health than the married ones. Being married may also lower the risk of hospitalization beyond a causal effect on morbidity, as people living with a family may not need to be hospitalized as easily as others with similar conditions.
The current study did not have data on all possible risk factors, e.g. nutrition, dental hygiene, insomnia, infections or illicit drug use, all of which may influence the risk for alcohol-specific outcomes. Nutritional imbalances, including trace element and vitamin deficiencies, are common among alcoholics and may occur among other men as well. Such imbalances may increase the toxic effects of alcohol and lead into a more severe disease (Estruch et al., 2005) , increasing the risk of hospitalization and death. Serum selenium and magnesium levels have been found to be decreased in drunkenness arrestees compared with healthy controls in Finland (Mussalo-Rauhamaa et al., 1987) . Binge drinkers have been found to associate with poor diets and sedentary behaviour among university students (Nelson et al., 2009) .
Our results support the view that self-reports on a recall period that covers only a few occasions of alcohol intake can give information useful in predicting the alcohol-specific outcomes in the long run, at least during periods of increasing per capita alcohol consumption, which has been the case in Finland. At the time when baseline data were collected, alcohol consumption was low in Finland but increased considerably during the follow-up period. As in most other studies, data on alcohol intake were available only for one recall period. Later increases may be more common among smokers and divorced, but we have no evidence that could confirm or negate this. Changes over time in alcohol intake as well as random error in measurement tend to weaken the associations. To the contrary, self-reports on alcohol intake underestimate the actual consumption, judged from sales data. The coverage of alcohol intake in the original three samples (adult men and women together) was 35, 33 and 27% of the respective alcohol sales data (Simpura, 1987, pp. 56-7) . This may lead to overestimation of the effect of alcohol intake on alcoholspecific outcomes (because the observed effect is actually obtained with a higher exposure than depicted by the data), but it does not bias the comparisons of different drinking groups and their relative risks. To some extent, these errors may cancel each other out.
Strengths and weaknesses
Response rates were exceptionally high, being 94-96%, in the three representative samples interviewed. Data on alcohol-related hospitalizations has been found to be of high accuracy and coverage (Poikolainen, 1983b) . The precision of cause-of-death certification has been considered to be high and the autopsy rate during the whole follow-up period has been 30% or higher in Finland (Lahti, 2005) .
As discussed above, self-reports on alcohol intake are subject to several sources of error. Among the neverdrinkers, three men died and one was hospitalized because of an alcohol-specific diagnosis. It is unknown whether these men gave false self-reports on their alcohol intake at the baseline examination or whether they had started drinking after the baseline interview. However, the number of these men was low, and the HR was not significant.
We found that cigarette smoking and marital status predicted the risk of hospitalization and death due to alcoholspecific diagnoses. These factors could be interpreted either as (causal) risk factors or risk indicators. The design does not permit to conclude that the variables are true causal risk factors for the onset of alcohol-specific diagnoses. Increasing the risk of hospitalization or death may be different from increasing the incidence of the disease. An alternative explanation is that these factors worsen health in ways that indirectly increase the risk of hospitalization or death. A further explanation is that the findings are at least partly due to residual confounding, as explained above. Although possible, we do not consider it likely since ascertainment of smoking and marital status have reasonably high accuracy and the category limits applied were wide.
To sum up, the results showed that cigarette smoking, overall alcohol intake, being an ex-drinker and marital status predicted alcohol-specific hospitalizations and deaths. These factors should be considered in the prevention of alcoholspecific diseases.
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